INTRODUCTION
============

Artificial urinary sphincter (AUS) implantation remains the preferred surgical method of treatment for males with severe stress urinary incontinence \[[@B1]\]. Despite its introduction over 30 years ago and widespread use, evaluation of risk factors for adverse outcomes is limited in breadth \[[@B2][@B3][@B4]\]. Specifically, data on the etiology of incontinence as a predictor of postoperative complications is scarce \[[@B2][@B5][@B6][@B7]\].

Prior evaluations of the impact of prior pelvic radiation therapy on AUS outcomes have met with conflicting results \[[@B2][@B3][@B5][@B6][@B8][@B9][@B10][@B11][@B12][@B13]\]. However, these studies did not separate those with the prostate *in situ*, or evaluate the timing of radiotherapy (e.g., primary, adjuvant, or salvage) \[[@B2][@B3][@B5][@B6][@B8][@B9][@B10][@B12][@B13]\]. Moreover, data evaluating outcomes in other etiologic groups such as benign prostatic resection, or cryotherapy are lacking. Recognition of these differences may be useful for risk stratification and better informing preoperative patient counseling.

Thus, in a large patient cohort with long-term follow-up, we sought to evaluate AUS outcomes among individuals who underwent radical prostatectomy (RP), RP with radiation, benign prostate resection, or cryotherapy as a salvage prostate cancer treatment.

MATERIALS AND METHODS
=====================

After obtaining Institutional Review Board approval (approval number: 16-002476), we identified 1,802 male patients undergoing AUS implantation at Mayo Clinic (Rochester, MN, USA) from 1983 to 2011. Of these, 925 (51%) were primary AUS implantations. We purposely limited our study group to AUS procedures performed up to 2011 to allow for adequate patient follow-up. Patients were excluded from analysis if they underwent AUS placement secondary to neurogenic bladder, were younger than 18 years of age, were female or declined research consent.

All implanted AUS devices were American Medical Systems 800 (AMS 800; American Medical Systems, Minnetonka, MN, USA). At our institution, a perineal approach is used for all AUS placements. During the perineal dissection the bulbospongiosus muscle is preserved, followed by placement of the urethral cuff around the muscle, so as to avoid direct pressure on the corpus spongiosum tissue in an effort to prevent urethral atrophy. All patients in this series had cuffs placed in this manner. After circumferential dissection of the proximal bulbar urethra (typically between the corpora cavernosum and corpora spongiosum), the appropriate cuff is selected. In cases of severely atrophic urethral tissues (measurement less than 4.0 cm) or difficult dissection planes, we use a transcorporal approach \[[@B14]\].

Individual charts were reviewed to evaluate pertinent clinical and surgical comorbidities, as well repeat surgery events for erosion, infection, malfunction and urethral atrophy. The retrospective nature of this study precluded a standardized follow-up protocol in all patients. Rather, patients were evaluated 6 weeks postoperatively for device activation. All patients were then followed via office evaluation on an as needed basis as determined by continence or other device concerns. As part of our ongoing departmental AUS registry, patients are also periodically contacted by mail regarding their device function. Details regarding device survival and function were obtained from the last office examination, subsequent operative report, or written or telephone correspondence.

The objective of the study was to evaluate the impact of incontinence etiology on secondary surgery rates as a result of urethral atrophy, mechanical failure and device infection/erosion. The etiology of incontinence was categorized as RP alone, RP with pelvic radiation therapy (including as initial primary therapy, adjuvant or salvage therapy), benign prostate resection (including transurethral prostate resection or prostate photovaporization), and those who underwent cryotherapy as a salvage prostate cancer treatment. Explanation was performed for all infection/erosion events, urethral atrophy events, and instances of mechanical malfunction. Statistical analysis was performed using the SAS (SAS Institute Inc., Cary, NC, USA). Continuous features were summarized with medians and interquartile ranges (IQRs), and categorical features were summarized with frequency counts and percentages. Device survival was estimated as time from AUS implantation to subsequent repeat surgery (including explanation or device revision for any reason) using the Kaplan-Meier method. Variables were included on multivariable analysis, if there was a significant association on univariate analysis. Hazard regression and competing risk analyses were used to determine the association of the etiology of incontinence with device outcomes. All statistical tests were 2-sided, with p\<0.05 considered statistically significant.

RESULTS
=======

The distribution of the 4 etiologies of incontinence included: 598 patients treated with RP alone (64.6%), 206 (22.2%) with RP and pelvic radiation therapy (RP+RT), 104 (11.2%) with benign prostate resection, and 17 (1.8%) with prior prostate cryotherapy. Differences in the clinical cohorts are shown in [Table 1](#T1){ref-type="table"}. Notably, there were significant differences between the cohorts with regard to body mass index (BMI) (p=0.03) and coronary artery disease (p=0.001). The higher BMI median and higher frequency of CAD seem to point to salvage cryotherapy as the etiology responsible for the differences. Those with incontinence after a benign prostate resection were significantly older than the other cohorts (p=0.0001).

Overall, the median postoperative follow-up was 4.9 years (IQR, 1.2--8.8), during which time 68 patients (7.5%) experienced device infection/urethral erosions, 119 patients (13.1%) underwent revision for malfunction, and 89 (9.8%) underwent revisions for urethral atrophy. Follow-up was significantly different between the different etiology groups (p=0.007). Notably, there was no difference in overall device survival between the groups on Kaplan-Meier analysis, with 5-year survival rates of 75%, 72%, 75%, and 57% among those treated with RP only, RP+RT, benign prostatic resection, and cryotherapy, respectively (p=0.25) ([Fig. 1](#F1){ref-type="fig"}).

We next assessed the association of etiology of incontinence on specific device outcomes: infection/erosion, urethral atrophy, device malfunction. Notably, when evaluating specific device outcomes, a significant difference in the cumulative incidence of device infection/erosion events between the 4 etiologies was identified (p=0.003) ([Fig. 2](#F2){ref-type="fig"}). On multivariable analysis, we found that history of cryotherapy (reference prostatectomy alone; HR, 3.44; p=0.01), older age (HR, 1.07; p=0.0009), and history of a transient ischemic attack (HR, 2.57; p=0.04) were associated with an increased risk of device infection or erosion. Notably, radiation therapy among patients that also had a prostatectomy was not associated with the risk of device infection or erosion (reference prostatectomy alone, p=0.3) ([Table 2](#T2){ref-type="table"}).

DISCUSSION
==========

We found here, in a large cohort of primary AUS placements, that a history of having undergone prior cryotherapy as a salvage prostate cancer treatment was associated with a significantly increased risk of AUS device explantation for infection or urethral erosion. In contrast, a history of pelvic radiation therapy in the setting of a prostatectomy, and urinary incontinence secondary to benign prostate resection were not associated with adverse device survival. These results augment the existing literature by evaluating the outcomes of patients with etiologies of incontinence beyond prostatectomy with or without pelvic radiation therapy to benign resection and salvage therapies.

Reports regarding the etiology of incontinence, including salvage cryotherapy, on device outcomes are limited. Given the novelty of our findings with regard to salvage cryotherapy, the mechanism of the potential association has not been established. It is possible, that differences in clinical factors, such as a higher rate of coronary artery disease or higher BMI, may impact the findings. However, we attempted to account for this on multivariable analysis. An additional hypothesis may be that damage to the periurethral microcirculation as a result of cryotherapy \[[@B15]\] may lead to poor tissue quality and ultimately increased infection/erosion events. Further investigation on the long-term impact of salvage cryotherapy on periurethral tissues may be warranted.

To our knowledge, there is a paucity of data comparing AUS outcomes of benign versus malignant prostate interventions. While several studies exist that include these patient populations, there is no comparison of AUS outcomes amongst these groups provided \[[@B13][@B16][@B17][@B18][@B19]\]. We were unable to find a difference in benign versus malignant prostate cancer treatment and AUS outcomes. It is worth mentioning that those with incontinence after a benign prostatic resection were significantly older than other cohorts. This may be particularly relevant when counseling patients \>80 years old as our current study, as well as prior series have identified advanced age as a risk for erosion or infection compared to younger patients \[[@B20]\].

Notably, conflicting results regarding the impact of pelvic radiation on AUS device outcomes exist \[[@B2][@B3][@B5][@B6][@B8][@B9][@B10][@B11][@B12][@B13]\]. Here, we found that radiation therapy in the setting of a prior prostatectomy was not associated with an increased risk of device infection or erosion compared to those treated with prostatectomy alone. Differences in the findings of the published series may be secondary to length of follow-up available, limited comparisons accounting for patients with their prostate *in situ*, evaluation of the timing of radiation treatment (primary, adjuvant, salvage), or other patient and practice disparities.

Given our findings of overall device survival, we feel that a history of cryotherapy alone should not preclude a patient from AUS implantation. Rather, these patients should be appropriately counseled on the potential device survival outcomes, increased risk of infection/erosion, and should be carefully evaluated for functional status, age, and other comorbidities (particularly those with transient ischemic attack).

Limitations of our study include the fact that our patient population is a well-selected, cohort treated at a tertiary care center with a high volume AUS practice. As a result, these results cannot necessarily be extrapolated to all surgical practices. Additionally, given the retrospective nature of this study, specific details regarding prior therapies (e.g., time from treatment to AUS, radiation protocol or cryotherapy protocol) were not available. Furthermore, although we present a large cohort of patients, the subgroup of patients who underwent cryotherapy represented 1.8% of all procedures (n=17), and thus larger studies and external validation are needed. Furthermore, given the referral nature of our practice, some patient may follow up with local providers, introducing heterogeneity into patient follow up. To account for this, our departmental AUS registry sends periodic surveys to patients regarding device status.

CONCLUSIONS
===========

Men who have undergone salvage cryotherapy are at significantly increased risk of AUS infection/erosion compared with those who have undergone RP alone. This information may be useful in the preoperative counseling of men undergoing primary AUS placement with a history of salvage cryotherapy.
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###### Clinical and demographic factors of patients undergoing primary AUS placement, stratified by etiology of incontinence
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  Variable                                 RP (n=598)          RP + RT (n=206)     Prior cryotherapy (n=17)   Benign prostatic resection (n=104)   Overall (n=925)     p-value
  ---------------------------------------- ------------------- ------------------- -------------------------- ------------------------------------ ------------------- ---------
  Age (y)                                  69.8 (65.1--73.5)   71 (65.6--75.7)     69.8 (64.2--78.1)          73.1 (66.7--79)                      70.4 (65.3--74.5)   0.0001
  Body mass index (kg/m^2^)                27.9 (25.7--30.6)   28.6 (26.1--32.1)   30.5 (27.9--33)            27.8 (25.5--31.4)                    28.1 (25.8--31)     0.03
  Diabetes mellitus                        40 (6.7)            32 (15.5)           1 (5.9)                    6 (5.7)                              79 (8.5)            0.12
  Transient ischemic attack                16 (2.7)            10 (4.9)            0 (0)                      4 (3.8)                              30 (3.2)            0.24
  Coronary artery disease                  73 (12.2)           48 (23.3)           9 (52.9)                   15 (14.4)                            145 (15.6)          0.001
  Years to AUS failure or last follow-up   5.3 (1.5--9.8)      4.6 (1.6--7.8)      2.9 (1.2--7.0)             3.3 (0.5--7.2)                       4.9 (1.2--8.8)      0.007

Values are presented as median (interquartile range) or number (%).

AUS, artificial urinary sphincter; RP, radical prostatectomy; RT, radiation therapy.

###### Multivariable analysis of factors associated with device explantation for infection/erosion
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  Variable                                  Univariate infection/erosion   Multivariable infection/erosion                                
  ----------------------------------------- ------------------------------ --------------------------------- -------- ------ ------------ --------
  Etiology                                                                                                                                
   RP+RT vs. RP only                        1.28                           0.70--2.34                        0.42     0.66   0.30--1.44   0.3
   Prior cryotherapy vs. RP only            5.15                           1.79--14.8                        0.002    3.44   1.31--9.05   0.01
   Benign prostatic resection vs. RP only   2.24                           1.16--4.32                        0.02     1.15   0.38--3.49   0.8
  Age at AUS surgery                        1.06                           1.03--1.10                        0.0003   1.07   1.03--1.11   0.0009
  Body mass index                           0.96                           0.88--1.04                        0.33     \-     \-           \-
  Diabetes                                  1.88                           0.94--3.78                        0.08     \-     \-           \-
  Transient ischemic attack                 3.36                           1.41--8.03                        0.06     2.57   1.04--6.32   0.04
  Coronary artery disease                   2.19                           1.20--3.99                        0.01     1.67   0.91--3.07   0.1

HR, hazard ratio; CI, confidence interval; RP, radical prostatectomy; RT, radiation therapy; AUS, artificial urinary sphincter.
